In this study, transient dynamic response of viscoelastic cylinders enclosed in filament wound cylindrical composites will be investigated. The body consists of n+1-layers, the inner layer being viscoelastic, while the outer fiber reinforced composite medium consists of η-different generally orthotropic, homogeneous and 
INTRODUCTION
The body considered in this study is a hollow circular cylinder with a finite thickness in the radial direction, whereas it extends to infinity in the axial direction. For the orthotropic layers, the ply orientation angle may be different. The multilayered medium is subjected to uniform time-dependent dynamic inputs at the inner and/or outer surfaces. The body is assumed to be initially at rest. The layers are assumed to be perfectly bonded to each other. The case in which the inner surface of the viscoelastic cylinder is a moving Volume 19, No. 4. 2009 
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boundary is further investigated in this study. This is similar to the solid propellant rocket motor cases. The solid propellant is modelled as a viscoelastic material which in turn is modelled as standard linear solid; whereas, the rocket motor case is a fiber-reinforced filament wound cylindrical composite. As the solid propellant burns, the inner surface moves outwards, decreasing the thickness of the viscoelastic layer representing the solid propellant. The solutions are required to satisfy the continuity conditions at the interfaces of the layers, the boundary conditions at the inner and outer surfaces and the initial conditions.
Method of characteristics is employed to obtain the solutions. Method of characteristics is suitable because the governing equations are hyperbolic. In the method of characteristics, the governing partial differential equations are transformed into a system of ordinary differential equations each of which is valid along a different family of characteristic lines. These equations are suitable for numerical integration and computer programming. Furthermore, different interface, initial and boundary conditions can be handled easily in the method of characteristics. The convergence and stability of the method are well established. Sharp variations in the field variables at the wavefronts can be accommodated in the method of characteristics. More information on method of characteristics can be obtained from Courant and Hubert [6] . The method as will be used in this thesis, however, is closer to the format as applied by Mengi and McNiven [1] and Sumi [7] .
FORMULATION
The body is referred to a cylindrical coordinate system r, 0 and z. The symmetry conditions of the problem imply that all of the field variables depend on the radial distance r and time t only. Accordingly, the displacement field of the layers can be expressed as
where u r , iig and z/ z are the radial, circumferential and axial displacement components, respectively. Using strain-displacement relations in cylindrical coordinates, the non-vanishing strain components can be expressed as
where e rr and ε 00 represent the normal strain components in the radial and circumferential directions, respectively. In view of Eqs. (1-2), the only nonvanishing stress components for viscoelastic and orthotropic layers are σ^,σ^ and σ.,, i.e. normal stresses in the radial, circumferential and axial directions, 
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where G 1 (/),G 2 (/) are the shear and bulk relaxation functions, respectively, and χ is the position vector of the particle considered. For the standard linear solid, the shear and bulk relaxation functions can be expressed
In Eqs. (7), the constants ΓΙ and r 2 are relaxation times of shear and bulk moduli, respectively, and
The constants in Eqs. (3) and (7) are related according to
The stress equation of motion for the viscoelastic cylinder can be expressed in terms of stress deviators as where p is the mass density of the viscoelastic cylinder. Thus, the statement of the governing equations for the viscoelastic cylinder, Eqs. 
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where the superscript F denotes the layer which precedes the interface and F + 1 denotes the layer which follows the interface. In the upper equation, d is used in order to represent first interface between the two orthotropic layers. For the other interface points between the orthotropic layers, another symbol must be used instead of d.
The layered body is assumed to be initially at rest; thus, at ' = ^ , we have [6] . The way it is applied in this study, however, is closer to that applied by Mengi and McNiven [1] . The application of the method of characteristics yields the propagation velocities for the viscoelastic cylinder and the orthotropic layers, respectively, as
In addition to the above formulation and solution, the case of an ablating inner surface is also investigated. The numerical results and the discussion of the curves for the ablating inner surface are given in the next section.
NUMERICAL RESULTS AND DISCUSSION
The numerical computations are carried out and the results are displayed in terms of non-dimensional quantities. The non-dimensional geometric parameters and the material properties for the viscoelastic cylinder and the orthotropic layers are taken as G,o = -% = 0.7, GIF = ·% = 0.14, G 20 = 3«L = ι . 6 The dimensionless radial coordinate and time are defined, respectively, as r = rla and / = tc v /a . In Eqs.
(19) and in the equations that will follow, dimensionless quantities are denoted by putting bars over them. In the formulation of the problem, the inner and outer surfaces are assumed to be subjected to either uniform time-dependent pressure or radial particle velocity. In the method of characteristics, we can choose any time dependency for the applied pressure or particle velocity. In the curves displayed in this paper, the inner surface is assumed to be subjected to a uniform pressure and the outer surface is free of surface tractions. The time dependency of the pressure is chosen as a step time variation with an initial ramp. The applied pressure is zero at i = 0, linearly rises to a constant value P 0 = P 0 /P 0 = 1 during a rise time of t = 0.004 and remains constant thereafter.
The solutions are found for thin cylindrical composite case. The thickness of the orthotropic layers, h = 0.024. Furthermore, the network of the characteristic lines used in numerical analysis is defined by Δί = 0.004. The case study is performed for cylindrical viscoelastic layer enclosed in filament wound cylindrical composites consisting of 4 layers with stacking sequence 30/-30/30/-30.
The numerical results are displayed in Fig. 1-2 . In Fig. 1 , the variation of the radial normal stress -σ ΓΓ //Ό with time at location r = 1.5 in the viscoelastic cylinder for nonablating inner surface is shown. The curve denotes sharp variations in the stress levels due to reflections and refractions of the waves at the boundaries and the interface of the viscoelastic cylinder and the orthotropic layers. In the time interval considered, the radial normal stress remains compressive except small time interval and the values of -a rr IPQ varies between -0.18 and 0.98. We note here that the major stress in the viscoelastic cylinder is the radial normal stress as apposed to the circumferential normal stress. Fig. 2 displays the variation of the circumferential normal stress OQQ^] I PQ with time at location r = 2.04 in the second orthotropic layer for both nonablating and the ablating inner surfaces. The ablating inner surface is defined such that in the (/· -f) -plane, it is described by the straight line t = 500(r -1). In the case of the ablating inner surface, the applied pressure is assumed to remain the same as in the case of the nonablating inner surface. The dominant stress in the layered body is the circumferential normal stress and it occurs in the orthotropic layers. In the time interval considered, it is basically tensile and agg^ I P 0 may assume values as high as 11 for the case of nonablating inner surface and 11.2 in the case of ablating inner surface for the second orthotropic layer.
The highest stress level in the case of ablating inner surface is larger basically because the applied pressure is assumed to remain the same. We further note that the discrepancy between two curves increases as time increases. in the second orthotropic layer for both non-ablating and the ablating inner surface
